We isolated a total of 653 strains from 64 community environmental samples in Massachusetts, USA. Among these isolates, 9.65 % (63 strains) were benzalkonium chloride (BC)-resistant staphylococci. All BC-resistant strains were collected from surfaces upon which antibacterial wipes or antibacterial sprays containing 0.02-0.12 % BC had frequently been used in the fitness centres. However, isolates from surfaces upon which antibacterial wipes or antibacterial sprays had not been used were all sensitive to BC. All BC-resistant strains were also resistant to erythromycin, penicillin and ampicillin. In addition, 51 strains showed resistance to cetyltrimethylammonium bromide (CTAB), 15 strains showed resistance to chloramphenicol, 12 strains showed resistance to ciprofloxacin and four strains showed resistance to meticillin. Resistance gene analysis demonstrated that 41 strains contained qacA/B, 30 strains had qacC, 25 strains contained qacG, 16 strains had qacH and eight strains contained qacJ. These data indicate that application of BC is associated with environmental staphylococcal antimicrobial resistance.
INTRODUCTION
Meticillin-resistant Staphylococcus aureus (MRSA) and coagulase-negative staphylococci (CoNS), such as Staphylococcus epidermidis, S. caprae and S. haemolyticus are important human pathogens causing skin, soft tissue, respiratory, bone and joint infections (Huebner & Goldmann, 1999; Kampf & Kramer, 2004; Heikens et al., 2005; Noguchi et al., 2005) . According to a Centers for Disease Control and Prevention report, annual mortality in the USA from MRSA infections is around 20 000. Additionally, community-associated MRSA has been increasing recently (Wang et al., 2004; King et al., 2006) . From 2000 to 2009, the rate of skin infections among children who required hospitalization increased from about 4.5 to 9.4 cases per 10 000 of the population, and most of these cases occurred in the community (King et al., 2006) . So far, little is known regarding the distribution of MRSA and antibiotic-resistant CoNS in our community environment. Thus, detecting antibiotic-resistant staphylococci and their resistance mechanisms in this environment is important to help stop the spread of antibiotic-resistant staphylococci.
Benzalkonium chloride (BC) and cetyltrimethylammonium bromide (CTAB) are active components of the commonly used quaternary ammonium compounds (QACs) (McDonnell & Russell, 1999; Correa et al., 2008; Liu et al., 2009) . QACs are widely used as disinfectants and antiseptics for control of bacterial growth in households and healthcare settings (Alam et al., 2003; Noguchi et al., 2005; Egusa et al., 2008) . Low-dose, long-term and widely used BC in disinfectant solutions, soaps, hand sanitizers, etc. may confer selective pressures and thus contribute to the emergence of BC-and antibiotic-resistant micro-organisms (McDonnell & Russell, 1999; To et al., 2002; Aiello & Larson, 2003; Wang et al., 2004; Bjorland et al., 2005; Liu et al., 2009; McCay et al., 2010) . Some staphylococci contain plasmids and transporters that are associated with resistance to BC, quinolones and other antibiotics (Fournier et al., 2000; Schmitz et al., 2000; Bjorland et al., 2001 Bjorland et al., , 2005 Sidhu et al., 2002; Noguchi et al., 2005; Wang et al., 2007; Correa et al., 2008; Guillard et al., 2010) . Furthermore, plasmid-containing staphylococci may donate resistance genes to morevirulent staphylococci and other bacteria (Aiello & Larson, 2003; Bjorland et al., 2003; Wang et al., 2004; Correa et al., 2008) . Staphylococcal resistance to QACs is known in hospitals and has been reported from the food industry (Bjorland et al., 2003 (Bjorland et al., , 2005 (Yoshida et al., 1990; Bjorland et al., 2003 Bjorland et al., , 2005 Noguchi et al., 2005; Truong-Bolduc et al., 2005; Correa et al., 2008) . The genes qacC (smr), qacG and qacH encode membrane transporters of the small multidrug resistance (SMR) family (Alam et al., 2003; He et al., 2004; Liu et al., 2009; McCay et al., 2010; Pagedar et al., 2011) . SMR family transporters confer multidrug resistance in many resistant bacteria (Alam et al., 2003; Bjorland et al., 2003) . Thus, understanding the distribution of BC resistance genes in staphylococci isolated from the community environment is important for tracking the expansion of antibiotic-resistant staphylococci. Here, we report on the isolation, identification and detection of BC resistance genes from BC-resistant staphylococci that were isolated from the community environment.
METHODS
Bacterial isolation and identification. A total of 64 samples from surfaces of weight machines, exercise bikes, dumbbells, boxercise gloves, refrigerator door handles, toilet handles, television remote controls and bathroom sink handles were collected using sterile cotton saline-swabs. These samples were collected trimonthly from four fitness centres and two school dormitories in Massachusetts, USA, during 2008. To our knowledge, antibacterial wipes or antibacterial sprays containing 0.02-0.12 % BC were used very frequently for removing germs in weight machines, exercise bikes, dumbbells and boxercise gloves but were not used on other surfaces of the fitness centres and school dormitories. Each cotton swab sample was kept in a test tube with 2 ml saline solution on ice and transported to the laboratory within 2 h. After each sample had been vortexed and concentrated by centrifugation at 5000 r.p.m. for 5 min, the pellets were suspended in 100 ml saline solution. Each suspension was spread onto a mannitol salt agar (MSA) plate. All of these operations were performed aseptically. Bacterial isolation was performed under aerobic conditions at 37 uC for 48 h. The screening of BC-resistant strains was carried out using Mueller-Hinton agar (Sigma) plates containing 3 mg BC ml 21 according to the method reported by Bjorland et al. (2003 Bjorland et al. ( , 2005 . Strain type determination was carried out biochemically and using 16S rRNA gene sequencing (Heikens et al., 2005; Jones et al., 2006; Li et al., 2006; Chaieb et al., 2007; Kugelman et al., 2009) . The 16S rRNA genes for all of the BC-resistant staphylococci were sequenced. The biochemical tests included those for catalase, coagulase and fermentation sensitivity. Coagulase plasma was from PRO-LAB. The remaining reagents were from Sigma. The primers for 16S rRNA gene sequencing were from Fisher (Table 1) . DNA sequencing was performed using an ABI 3700 DNA analyser (Applied Biosystems). To confirm the sequencing results, 20 PCR fragments of 16S rRNA genes were resequenced by MiSeq System.
Susceptibility tests. The susceptibilities of BC-resistant strains were studied by determining MICs using the Kirby-Bauer (Table 2) and broth microdilution methods (Table 3) , as recommended by Bjorland et al. (2005) and the Clinical and Laboratory Standards Institute (CLSI, 2006) , respectively. The antibiotic discs for the Kirby-Bauer tests were from BD. S. aureus ATCC 25923 was used as a qualitycontrol strain.
Detection of BC resistance genes. In order to understand the distribution of qac genes in these isolates, we detected qacA/B, qacC, qacG, qacH and qacJ using a simplex real-time PCR with a minor modification (McDonnell & Russell, 1999; Heikens et al., 2005; Liu et al., 2009 ), a method used previously for detecting resistanceconferring genes (McDonnell & Russell, 1999; To et al., 2002; Theis et al., 2007) . DNA was prepared using a Plasmid Mini kit (Qiagen) according to the manufacturer's instructions. Real-time PCR was performed with an iQ5 real-time PCR detection system (Bio-Rad) using SYBR GreenER qPCR SuperMix for iCycler (Invitrogen) according to Li et al. (2006) , McDonnell & Russell (1999) and Kugelman et al. (2009) . A total volume of 25 ml 16 reaction mixture contained 12.5 ml SYBR GreenER qPCR SuperMix, 1 ml each primer Table 1 . Primers used in this study Primers were designed according to the work of Bjorland et al. (2001 Bjorland et al. ( , 2005 and Correa et al. (2008) with minor modifications. F, forward primer; R, reverse primer.
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RESULTS AND DISCUSSION
A total of 653 strains were isolated and replicated from MSA plates. Among these, 63 were BC-resistant Staphylococcus isolates. Of these, 28 were identified as S. epidermidis, 11 as S. aureus, nine as S. haemolyticus, six as S. hominis, five as S. warneri, two as S. saprophyticus, one as S. caprae and one as S. simulans.
The susceptibilities of the BC-resistant strains are shown in Table 2 . All strains were resistant to BC, erythromycin, penicillin and ampicillin. In addition, 12 strains were resistant to ciprofloxacin, 15 were resistant to chloramphenicol, 51 were resistant to CTAB, 36 were resistant to ethidium bromide (data not shown) and 21 were resistant to tetracycline (data not shown).
The BC resistance gene distributions of the 63 strains are shown in Table 3 . Among these strains, 41 contained qacA/ B, 30 contained qacC, 25 contained qacG, 16 contained qacH and eight contained qacJ.
The BC resistance gene distribution and antibiotic resistance patterns demonstrated that qacC (smr), qacG and qacH were responsible for both BC and CTAB resistances (Bjorland et al., 2001 (Bjorland et al., , 2005 Noguchi et al., 2005) . As qac genes encode the SMR family efflux pumps, these genes were thus expected to be indicators of multidrug-resistant staphylococci. The BC resistance mechanisms in five strains were not clearly understood. We assume that other unknown resistance mechanisms may contribute to BC resistance in these strains. According to our data, 17.4 % of the BC-resistant isolates were S. aureus and 65.1 % of the BC-resistant strains contained one or more qac genes.
To our knowledge, although clinical isolates of staphylococci have resistance patterns similar to communityisolated staphylococci, their BC resistance mechanisms are not very similar to each other (Yoshida et al., 1990; Sidhu et al., 2002) . Also, the BC resistance mechanism of S. aureus isolated from patients with staphylococcal scalded skin syndrome and impetigo and S. aureus isolated from patients with other diseases are very different (Yoshida et al., 1990) . Thus, we expect that environmentally isolated staphylococci have unknown BC resistance mechanisms. In addition, the BC resistance rate of the isolates from the surfaces that frequently used antibacterial gymnasium wipes or antibacterial sprays was 23.51 %, while the isolates from the surfaces that did not use antibacterial gymnasium wipes or antibacterial sprays were all sensitive to BC. In summary, disinfectants and antiseptic products containing BC have a high potential to bring about BC-resistant staphylococci as well as multidrug-resistant staphylococci.
